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MULTIPLE LAYER POLYMERIC CAP AND 
METHOD OF MAKING THE SAME 

Field of the Invention 

This invention relates generally to polymeric containers and more 
particularly to a cap for a polymeric container and a method of making it. 

Background of the Invention 

Environmental concerns and regulations have spurred the need to reduce 
the amount of hazardous hydrocarbon vapors emitted by vehicles and have led to the 
development of new technologies for manufacturing plastic fiiel tanks. A fuel tank 
constructed from a single layer of a plastic, such as high density polyethylene, has been 
found to have an unacceptably high permeation rate of fuel vapor therethrough. 
Therefore, current plastic fuel tanks are formed with multiple layers one of which is a 
vapor barrier layer and these tanks have reduced the amount of hydrocarbons released 
into the atmosphere by as much as 60 times over single layer untreated plastic fuel tanks. 

A typical multi-layerlayer plastic fuel tank construction comprises an outer 
layer of high density polyethylene, an inner layer of high density polyethylene, and a 
vapor barrier layer disposed between them. The vapor barrier layer is typically a polymer 
such as ethylene vinyl alcohol which requires an adhesive layer adjacent both the outer 
and inner layers to join the high density polyethylene with the ethylene vinyl alcohol. A 
multi-layerlayer plastic fuel tank is substantially more difficult to manufacture than a 
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single layer plastic fuel tank and is usually made by a multi-layer extrusion and blow 
molding process. 

Previously, a separate monolayer cap, or a separate multiple layer cap 
formed by a separate molding process, such as injection molding, has been provided to 
cover each opening into the luel tank. Undesirably, the monolayer cap permits fuel vapor 
to permeate therethrough and the separate molding process to provide a multiple layer cap 
is relatively costly and time consuming to perform. 

Summary of the Invention 

A cap is formed from the flash of a molded polymeric article. Desirably, 
the material of the flash, and hence the cap, has the same properties as the molded article. 
In one embodiment, the molded article is a multi-layer plastic fuel tank having a vapor 
barrier layer sandwiched between structural and/or adhesive layers and the cap has the 
same general construction and may be fixed or welded to the fuel tank over an opening 
through the tank. Advantageously, the cap is formed in the same process used to form the 
molded article and reduces the scrap or waste material by utilizing a portion of the flash 
which is removed from the molded article after it is formed. Therefore, the cost and time 
to produce a molded article and one or more caps is greatly reduced. 

Objects, features and advantages of this invention include providing a cap 
which does not require any secondary molding operations, is formed in flash from a 
molded article to reduce the scrap or waste material of the molded article, is formed 
simultaneously with the molded article, may have the same construction and 

2 



characteristics of the molded article, reduces the time and cost to form a cap and molded 
article, is ideally suited to forming a multi-layer cap for a polymeric fuel tank which may 
be welded to the fuel tank and which limits the permeation of fuel vapor through the cap, 
is of relatively simple design and economical manufacture and assembly, and has a long 
useful life in service. 

Brief Description of the Drawings 

These and other objects, features and advantages of this invention will be 
apparent from the following detailed description of the preferred embodiment and best 
mode, appended claims and accompanying drawings in which: 

FIG. 1 is a plan view of a molded polymeric fuel tank having flash sections 
adapted to provide a plurality of caps in accordance with the present invention; 

FIG. 2 is a cross sectional view of the fuel tank of FIG. 1 received between 
a pair of open die halves of a blow molding machine; 

FIG. 3 is a diagrammatic sectional view illustrating a cap formed according 
to the present invention fixed to a polymeric fuel tank; 

FIG. 4 is an enlarged fragmentary view of the encircled portion 4 in FIG. 

2; 

FIG. 5 is an enlarged fragmentary view of the encircled portion 5 of FIG. 

2; 

FIG. 6 is a diagrammatic sectional view of a pair of die halves which may 
be used to form a fuel tank according to the present invention; and 
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FIG. 7 is a diagrammatic sectional view of a pair of modified die halves 
which may be used to form a fuel tank according to the present invention. 

Detailed Description of the Preferred Embodiment 

Referring in more detail to the drawings, FIGS. 1 - 3 show a multi- 
lay erlayer molded plastic fuel tank 10 as is commonly used, for example, in the 
automotive industry. As shown in FIG. 4, the walls 1 1 of the fuel tank 10 preferably have 
inner 12 and outer 14 layers formed primarily of polyethylene and an intermediate vapor 
barrier layer 16 formed of a copolymer such as ethylene vinyl alcohol to reduce the 
permeation of fuel vapor through the fuel tank 10. The tank walls 1 1 may be formed by 
coextruding a parison of the various layers of different materials and blow molding the 
parison to form the fuel tank. The plastic fijel tanks 10 are particularly desirable because 
of their light weight, resistance to corrosion, ease of manufacturing and low fuel vapor 
permeation characteristics. 

As shown in FIG. 4, the fiiel tank 10 has muhiple layers including: an 
outer layer 14 of high density polyethylene (HDPE) which may also have some carbon 
black or poly black mixed therein to provide coloration; an outer adhesive layer 24; the 
vapor barrier layer 16; an inner adhesive layer 26; and an inner layer 12 of virgin high 
density polyethylene. The vapor barrier layer 16 is preferably ethylene vinyl alcohol 
(EVOH) and the adhesive layers may be of a wide variety of materials with one current 
example sold under the trade name ADMER by Evalca, Inc. The inner and outer 
adhesive layers 24, 26 are necessary to attach the adjacent layers of HDPE to the vapor 
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barrier layer 16 and thereby increase tlie structural integrity of the fuel tank 10 which is 
paramount for passing various crush resistance and vehicle crash specifications in the 
automotive industry. The vapor barrier layer 16 is necessary to reduce the amount of 
hydrocarbon vapors which would diffuse, permeate or otherwise escape through the fuel 
tank walls 1 1 which are composed primarily of HDPE. 

A typical multi-layer plastic fuel tank wall 1 1 has a thickness of between 
about 2.5 mm and 8 mm, with an optimal total wall thickness of about 5 mm. Nominal 
values for the individual layers of the multi-layer plastic fuel tank 10 are as follows: the 
outer layer 14 comprises between about 40 to 50 percent of the total wall thickness; the 
outer adhesive layer 24 comprises between about 1 to 4 percent of the total wall 
thickness; the vapor barrier layer 16 comprises between about 2 to 5 percent of the total 
wall thickness; the inner adhesive layer 26 comprises between about 1 to 4 percent of the 
total wall thickness; and the inner layer 12 comprises between about 40 and 50 percent 
of the total wall thickness. These ranges of the thickness of the individual layers are 
illustrative only, and can be readily varied during the coextrusion of the parison for 
forming the fuel tank walls 1 1 during the manufacture of the fuel tanks 10. 

To form such a fuel tank 10, preferably the various layers are 
simultaneously extruded into a generally cylindrical parison which is received in a 
generally molten state between a pair of die halves 30, 32 of a blow molding machine. 
When the die halves 30, 32 are closed together they define a main cavity 34 which will 
provide the desired external shape of the fiiel tank 10. After closing the die halves 30, 32 
together, a pressurized fluid, such as air, is provided into the interior of the parison 
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through a blow pin in a conventional manner to outwardly expand the parison into 
engagement with the mold halves 30, 32. The pressure within the parison is maintained 
until it has cooled at least sufficiently to hold its shape without collapsing. Thereafter, 
the formed fiiel tank 10 is permitted to fiirther cool and harden. 

When the die halves 30, 32 of the blow molding machine are closed around 
a parison disposed between them, a portion of the parison is pinched or trapped between 
die halves 30, 32 and these trapped portions of the parison will form flash 36 which is 
conventionally trimmed or machined off of the formed fuel tank 10. The portions of the 
parison may be trapped between the die halves 30, 32 to close opposed open ends of the 
generally cylindrical or tubular parison, and/or to retain the position of the parison within 
the die halves. So formed, the flash 36 has the same multiple layer construction of the 
fuel tank 10 and indeed, may have two of each layer due to the pinching of the parison 
between the mold halves 30, 32. Therefore, desirably, the flash may have two vapor 
barrier layers. 

As shown in FIG. 2, at least one of the die halves 30 is provided with a 
plurality of projections 38 extending into a gap between the die halves 30, 32 defining a 
second cavity 39. The projections 38 are constructed and arranged to provide 
corresponding depressions or recesses 40 in the flash 36. As shown, the recesses 40 are 
preferably generally circular in cross section and the projections 38 are preferably 
generally cylindrical with a planar end face and form recesses 40 having a generally flat 
bottom 42 and a generally cylindrical sidewall 44. As shown in FIG. 6, a second cavity 
39' may also be formed between modified die halves 30', 32' having a generally circular 
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recess 45 in the upper die half 30' and an annular recess 46 in the lower die half 32' to 
provide a flat bottom and cylindrical sidewall formation in the flash 36. As shown in 
FIG. 7, each mold half 30", 32" may have a separate circular recess 47, 48, respectively, 
to define a generally cylindrical second cavity 39" and corresponding portion of the flash 
36 which may be severed from the remainder of the flash and used as a cap. Other 
constructions and arrangements of the mold halves may be used to provide a desired 
shape or form in the flash 36. 

As shown, four recesses 40 are provided with two in each of two flash 
sections 36 on the formed fuel tank 10, although any number of projections or recesses 
40 can be formed. A separate cap 50 is formed by stamping or cutting the flash 36 
slightly radially outwardly of each recess 40 such as along the dashed lines 52 shown in 
FIG. 1. As shown in FIG. 3, a cap 50 may be used to cover an opening 54 of the fuel 
tank, such as an opening to receive a fuel vapor vent valve 56 and/or a fuel pump module 
or other component internal to the fuel tank. 

Desirably, as shown in FIG. 5, the cap 50 has the multi-layer construction 
of the fuel tank, and may have two of each layer as described with reference generally to 
the flash 36, to provide one or more layers of high density polyethylene or similar 
structural material adjacent to the fiiel tank and which may be welded thereto such as by 
hot plate, ultrasonic or other welding methods. The cap 50 also has at least one and 
preferably two fuel vapor barrier layers 16 which at least substantially prevent permeation 
of fuel vapor therethrough to reduce the escape to the atmosphere of hazardous 
hydrocarbon fuel vapors. In use, various openings 58 may be cut through the cap to 
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permit the passage of a fuel line, a fuel vapor line, electrical wires and/or other conduits 
into the fuel tank 10 as needed. 

The cap 50 is formed simultaneously with a blow molded article and within 
flash sections 36 formed during production of the molded article to reduce the overall 
waste or scrap material and to eliminate the need for secondary processing operations to 
form the cap 50. Desirably, the cap 50 may be formed from the same material as the blow 
molded article and thus, may have the multiple layer construction of the blow molded 
article and the desirable characteristics of each layer and may even have two of each layer 
of material. 
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Claims 



1 A method of forming a cap for a container, comprising the steps of: 

2 molding a polymeric container to form the container and a flash section 

3 integral with the container; 

4 forming at least one cap in the flash section; and 

5 separating the cap from the flash section to form a separate cap. 

2. 

1 The method of claim 1 wherein the molding step comprises blow molding 

2 the container within a mold die having two mold halves with the flash section defined at 

3 least in part between the mold halves. 



3. 

1 The method of claim 2 wherein at least one of the halves has a projection 

2 adapted to provide a recess in the flash section with the recess defining a portion of the 

3 cap when it is separated fi-om the flash section. 

4. 

1 The method of claim 1 wherein the container and flash section are formed 

2 from multiple layers of material. 
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5. 

The method of claim 1 wherein the container and cap have a vapor barrier 
layer disposed between inner and outer layers of a different material. 



6. 

1 A fuel tank, comprising: 

2 a tank wall formed from multiple layers of polymeric material including at 

3 least one structural layer and at least one vapor barrier layer, at least one flash section to 

4 be removed from the tank wall, and an opening through the tank wall; and 

5 a cap formed from the material of said at least one flash section fixed to the 

6 tank wall to cover the opening. 

7. 

1 The fuel tank of claim 6 wherein the tank wall and the cap each have an 

2 inner layer, an outer layer and a vapor barrier layer disposed between the inner and outer 

3 layers. 



8. 

1 The fuel tank of claim 7 wherein at least one of the inner layer and outer 

2 layers of the cap are weldable to permit the cap to be welded to the tank wall. 
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9. 

1 The fuel tank of claim 8 wherein the inner layer and outer layer are formed 

2 fi-om a polyethylene. 

10. 

1 A method of forming a container and cap, comprising the steps of: 

2 providing a parison within a pair of open mold halves each defining in part 

3 a mold cavity; 

4 closing the mold halves together; 

5 providing a pressurized fluid into the parison within the closed mold halves 

6 to expand the parison within the mold cavity and to form and define the shape of the 

7 container; 

8 forming at least one flash section between the mold halves; 

9 forming at least one cap in the flash section; and 
10 separating the cap from the flash section. 

11. 

1 The method of claim 10 which also comprises the step of providing an 

2 opening in the container and sealing the cap to the container to close the opening. 
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12. 



1 The method of claim 1 1 wherein the cap is welded to the tank. 

13. 

1 The method of claim 10 wherein the flash sections and the container are 

2 formed simultaneously. 

14. 

1 A cap for a polymeric fiiel tank, comprising: 

2 a body formed from at least one layer of a polymeric material suitable for 

3 attachment in sealed relationship to the fuel tank and two vapor barrier layers constructed 

4 to at least restrict the permeation of fuel vapor therethrough. 



15. 

1 The cap of claim 14 wherein the body has at least two layers of polymeric 

2 material with the vapor barrier layers disposed between them. 

16. 

1 The cap of claim 14 wherein each vapor barrier layer is disposed between 

2 a pair of layers of polymeric material with at least one layer of polymeric material 

3 disposed between the vapor barrier layers. 

12 



17. 

1 A blow mold, comprising: 

2 a pair of mating die halves each having a recess defining a main mold cavity 

3 when the die halves are mated in which an article is molded a second cavity defined 

4 between the mated die halves separate from the main mold cavity and in which a flash 

5 section is formed to form a cap. 

18. 



1 The blow mold of claim 17 wherein the second cavity is defined by 

2 cooperating recesses formed in each die half. 

19. 

1 The blow mold of claim 18 wherein an annular recess is defined in one die 

2 half and a generally circular recess is defined in the other die half 

20. 

1 The blow mold of claim 1 8 wherein a generally circular recess is defined 

2 in each die half 

21. 

1 The blow mold of claim 17 wherein the second cavity is defined in a gap 

2 between the die halves. 
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22. 

1 The blow mold of claim 21 which also comprises a projection carried by 

2 one die half extending into the second cavity to define a recess in the flash. 
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ABSTRACT OF THE DISCLOSURE 

A cap is formed within the flash of a molded polymeric article. Desirably, 
the material of the flash, and hence the cap, has the same properties as the molded article. 
In one embodiment, the molded article is a multi-layer plastic fuel tank having a vapor 
barrier layer sandwiched between structural and/or adhesive layers and the cap has the 
same general construction and may be fixed or welded to the fiiel tank over an opening 
through the tank. Advantageously, the cap is formed in the same process used to form the 
molded article and reduces the scrap or waste material by utilizing a portion of the flash 
which is removed from the molded article after it is formed. Therefore, the cost and time 
to produce a molded article and one or more caps is greatly reduced. 
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in the manner prescribed by §§ 1.97(b)-(d) and 1.98. However, no patent will be granted on 
an application in connection with which fraud on the Office was practiced or attempted or the 
duty of disclosure was violated through bad faith or intentional misconduct. The Office 
encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a coxmterpart 
application; and 

(2) the closest information over which individuals associated with the filing or 
prosecution of a patent application believe any pending claim patentably defines, to make sure 
that any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not 
cimiulative to information already of record or being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie 
case of unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a 
conclusion that a claim is unpatentable under the preponderance of evidence, burden-of-proof 
standard, giving each term in the claim its broadest reasonable construction consistent with the 
specification, and before any consideration is given to evidence which may be submitted in an 
attempt to establish a contrary conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within 
the meaning of this section are: 

(1) Each inventor named in the apphcation; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or 
prosecution of the application and who is associated with the inventor, with the assignee or 
with anyone to whom there is an obHgation to assign the application. 

(d) Individuals other than the attorney, agent or mventor may comply with this 
section by disclosmg information to the attorney, agent or inventor. 

(35 U.S.C. 6, Pub. L. 97-247) 

[42 FR 5593. Jan. 28, 1977, as amended at 47 FR 21751, May 19, 1982; 48 FR 2710, Jan. 20, 
1983; 49 FR 554, Jan. 4, 1984; 50 FR 5171, Feb. 6, 1985; 53 FR 47808, Nov. 28, 1988, 
effective Jan. 1, 1989; 57 FR2034, January 17, 1992, effective March 6, 1992] 



